Quest for Casimir repulsion between Chern-Simons surfaces by unknown
Physical Review B 2018 vol.97 N16
Quest for Casimir repulsion between Chern-Simons
surfaces
Kazan Federal University, 420008, Kremlevskaya 18, Kazan, Russia
Abstract
© 2018 American Physical Society. In this paper we critically reconsider the Casimir repulsion
between  surfaces  that  carry  the  Chern-Simons  interaction  (corresponding  to  the  Hall-type
conductivity).  We  present  a  derivation  of  the  Lifshitz  formula  valid  for  arbitrary  planar
geometries and discuss its properties. This analysis allows us to resolve some contradictions in
the previous literature. We compute the Casimir energy for two surfaces that have constant
longitudinal and Hall conductivities. The repulsion is possible only if both surfaces have Hall
conductivities of the same sign. However, there is a critical value of the longitudinal conductivity
above which the repulsion disappears. We also consider a model where both parity odd and
parity even terms in the conductivity are produced by the polarization tensor of surface modes.
In contrast  to the previous publications [L.  Chen and S.-L.  Wan, Phys.  Rev.  B 84,  075149
(2011)PRBMDO1098-012110.1103/PhysRevB.84.075149;  Phys.  Rev.  B  85,  115102
(2012)PRBMDO1098-012110.1103/PhysRevB.85.115102], we include the parity anomaly term.
This term ensures that the conductivities vanish for infinitely massive surface modes. We find
that at least for a single mode, regardless of the sign and value of its mass, there is no Casimir
repulsion.
http://dx.doi.org/10.1103/PhysRevB.97.165432
References
[1] M.  Bordag,  U.  Mohideen,  and  V.  M.  Mostepanenko,  Phys.  Rep.  353,  1  (2001).  PRPLCM  0370-1573
10.1016/S0370-1573(01)00015-1
[2] K. A. Milton, J. Phys. A 37, R209 (R) (2004). 10.1088/0305-4470/37/38/R01
[3] M.  Bordag,  G.  L.  Klimchitskaya,  U.  Mohideen,  and V.  M.  Mostepanenko,  Advances in  the Casimir  Effect,
International Series of Monographs in Physics (Oxford University Press, Oxford, UK, 2009), Vol. 145, pp. 1-768.
[4] L. Woods, D. Dalvit, A. Tkatchenko, P. Rodriguez-Lopez, A. Rodriguez, and R. Podgornik, Rev. Mod. Phys. 88,
045003 (2016). RMPHAT 0034-6861 10.1103/RevModPhys.88.045003
[5] E. Elizalde and D. V. Vassilevich, Class. Quantum Grav. 16, 813 (1999). CQGRDG 0264-9381 10.1088/0264-
9381/16/3/013
[6] M.  Bordag  and  D.  V.  Vassilevich,  Phys.  Lett.  A  268,  75  (2000).  PYLAAG  0375-9601  10.1016/S0375-
9601(00)00159-6
[7] V. N. Markov and Yu. M. Pis'mak, J. Phys. A 39, 6525 (2006). 10.1088/0305-4470/39/21/S50
[8] V. N. Marachevsky, Theor. Math. Phys. 190, 315 (2017). TMPHAH 0040-5779 10.1134/S004057791702012X
[9] C. D. Fosco and M. L. Remaggi, Eur. Phys. J. C 77, 155 (2017). EPCFFB 1434-6044 10.1140/epjc/s10052-01-
-4729-5
[10] F. Canfora, L. Rosa, and J. Zanelli, Phys. Rev. D 84, 105008 (2011). 10.1103/PhysRevD.84.105008
[11] W.-K.  Tse  and  A.  H.  MacDonald,  Phys.  Rev.  Lett.  109,  236806  (2012).  PRLTAO  0031-9007
10.1103/PhysRevLett.109.236806
[12] P. Rodriguez-Lopez, W. J. M. Kort-Kamp, D. A. R. Dalvit, and L. M. Woods, Nat. Commun. 8, 14699 (2017). 2041-
1723 10.1038/ncomms14699
[13] A.  G.  Grushin  and  A.  Cort i jo,  Phys.  Rev.  Lett .  106,  020403  (2011).  PRLTAO  0031-9007
10.1103/PhysRevLett.106.020403
[14] A.  G.  Grushin,  P.  Rodriguez-Lopez,  and A.  Cortijo,  Phys.  Rev.  B 84,  045119 (2011).  PRBMDO 1098-0121
10.1103/PhysRevB.84.045119
[15] P. Rodriguez-Lopez, Phys. Rev. B 84, 165409 (2011). PRBMDO 1098-0121 10.1103/PhysRevB.84.165409
[16] W.  Nie,  R.  Zeng,  Y.  Lan,  and  S.  Zhu,  Phys.  Rev.  B  88,  085421  (2013).  PRBMDO  1098-0121
10.1103/PhysRevB.88.085421
[17] A.  Martín-Ruiz,  M.  Cambiaso,  and  L.  F.  Urrutia,  Europhys.  Lett.  113,  60005  (2016).  EULEEJ  0295-5075
10.1209/0295-5075/113/60005
[18] L. Chen and S.-L. Wan, Phys. Rev. B 84, 075149 (2011). PRBMDO 1098-0121 10.1103/PhysRevB.84.075149
[19] L. Chen and S.-L. Wan, Phys. Rev. B 85, 115102 (2012). PRBMDO 1098-0121 10.1103/PhysRevB.85.115102
[20] S. Fuchs, F. Lindel, R. V. Krems, G. W. Hanson, M. Antezza, and S. Y. Buhmann, Phys. Rev. A 96, 062505 (2017).
2469-9926 10.1103/PhysRevA.96.062505
[21] P.  Rodriguez-Lopez  and  A.  G.  Grushin,  Phys.  Rev.  Lett.  112,  056804  (2014).  PRLTAO  0031-9007
10.1103/PhysRevLett.112.056804
[22] J.  H.  Wilson,  A.  A.  Allocca,  and  V.  Galitski,  Phys.  Rev.  B  91,  235115  (2015).  PRBMDO  1098-0121
10.1103/PhysRevB.91.235115
[23] K. A. Milton, E. K. Abalo, P. Parashar, N. Pourtolami, I. Brevik, and S. A. Ellingsen, J. Phys. A 45, 374006 (2012).
10.1088/1751-8113/45/37/374006
[24] V.  V.  Nesterenko  and  I.  G.  Pirozhenko,  Phys.  Rev.  A  86,  052503  (2012).  PLRAAN  1050-2947
10.1103/PhysRevA.86.052503
[25] M. Bordag, J. Phys. A 28, 755 (1995). JPHAC5 0305-4470 10.1088/0305-4470/28/3/028
[26] C.  Genet,  A.  Lambrecht,  and  S.  Reynaud,  Phys.  Rev.  A  67,  043811  (2003).  PLRAAN  1050-2947
10.1103/PhysRevA.67.043811
[27] A. Lambrecht, P. A. Maia Neto, and S. Reynaud, New. J. Phys. 8, 243 (2006). NJOPFM 1367-2630 10.1088/1367-
2630/8/10/243
[28] A.  J .  Niemi  and  G.  W.  Semenoff ,  Phys.  Rev.  Lett .  51,  2077  (1983).  PRLTAO  0031-9007
10.1103/PhysRevLett.51.2077
[29] A. N. Redlich, Phys. Rev. D 29, 2366 (1984). 10.1103/PhysRevD.29.2366
[30] S. Reynaud, A. Canaguier-Durand, R. Messina, A. Lambrecht, and P. A. Maia Neto, Int. J. Mod. Phys. A 25, 2201
(2010). IMPAEF 0217-751X 10.1142/S0217751X10049475
[31] G.-L. Ingold and A. Lambrecht, Am. J. Phys. 83, 156 (2015). AJPIAS 0002-9505 10.1119/1.4896197
[32] M.  Bordag,  I.  Fialkovsky,  and  D.  Vassilevich,  Phys.  Lett.  A  381,  2439  (2017).  PYLAAG  0375-9601
10.1016/j.physleta.2017.05.040
[33] W.-K.  Tse  and  A.  H.  MacDonald,  Phys.  Rev.  B  84,  205327  (2011).  PRBMDO  1098-0121
10.1103/PhysRevB.84.205327
[34] N.  Khusnutdinov,  D.  Drosdoff,  and  L.  M.  Woods,  Phys.  Rev.  D  89,  085033  (2014);  PRVDAQ 1550-7998
10.1103/PhysRevD.89.085033
[35] N.  Khusnutdinov,  D.  Drosdoff,  and  L.  M.  Woods,  Phys.  Rev.  D  92,  045002  (2015)  PRVDAQ 1550-7998
10.1103/PhysRevD.92.045002;
[36] N.  R.  Khusnutdinov  and  R.  N.  Kashapov,  Theor.  Math.  Phys.  183,  491  (2015)  TMPHAH  0040-5779
10.1007/s11232-015-0276-0;
[37] N.  Khusnutdinov,  R.  Kashapov,  and  L.  M.  Woods,  Phys.  Rev.  A  94,  012513  (2016)  2469-9926
10.1103/PhysRevA.94.012513;
[38] arXiv:1801.08119.
[39] G. Tkachov, Topological Insulators-The Physics of Spin Helicity in Quantum Transport (Pan Stanford, Singapore,
2013), p. 169.
[40] M. Bordag, I. V. Fialkovsky, D. M. Gitman, and D. V. Vassilevich, Phys. Rev. B 80, 245406 (2009). PRBMDO
1098-0121 10.1103/PhysRevB.80.245406
[41] I. V. Fialkovsky, V. N. Marachevsky, and D. V. Vassilevich, Phys. Rev. B 84, 035446 (2011). PRBMDO 1098-0121
10.1103/PhysRevB.84.035446
[42] M.  Bordag,  I.  Fialkovskiy,  and  D.  Vassilevich,  Phys.  Rev.  B  93,  075414  (2016).  2469-9950
10.1103/PhysRevB.93.075414
[43] A. A. Banishev, H. Wen, J. Xu, R. K. Kawakami, G. L. Klimchitskaya, V. M. Mostepanenko, and U. Mohideen, Phys.
Rev. B 87, 205433 (2013). PRBMDO 1098-0121 10.1103/PhysRevB.87.205433
[44] G. L. Klimchitskaya, U. Mohideen, and V. M. Mostepanenko, Phys. Rev. B 89, 115419 (2014). PRBMDO 1098-
0121 10.1103/PhysRevB.89.115419
[45] L.  Alvarez-Gaume,  S.  Della  Pietra,  and  G.  W.  Moore,  Ann.  Phys.  163,  288  (1985).  APNYA6  0003-4916
10.1016/0003-4916(85)90383-5
[46] G. Dunne, in Topological Aspects of Low Dimensional Systems, edited by A. Comtet, T. Jolicœur, S. Ouvry, and
F. David (Springer, Berlin, 1999), Chap. 3, pp. 177-264.
[47] M.  Mu l l igan  and  F .  J .  Burne l l ,  Phys .  Rev .  B  88 ,  085104  (2013) .  PRBMDO  1098-0121
10.1103/PhysRevB.88.085104
[48] H.-G.  Zirnstein  and  B.  Rosenow,  Phys.  Rev.  B  88,  085105  (2013).  PRBMDO  1098-0121
10.1103/PhysRevB.88.085105
[49] E. J. König, P. M. Ostrovsky, I. V. Protopopov, I. V. Gornyi, I. S. Burmistrov, and A. D. Mirlin, Phys. Rev. B 90,
165435 (2014). PRBMDO 1098-0121 10.1103/PhysRevB.90.165435
[50] M. Kurkov and D. Vassilevich, Phys. Rev. D 96, 025011 (2017). 10.1103/PhysRevD.96.025011
[51] I.  V.  Fialkovsky  and  D.  V.  Vassilevich,  Int.  J.  Mod.  Phys.  A  27,  1260007  (2012)  IMPAEF  0217-751X
10.1142/S0217751X1260007X;
[52] I.  V.  Fialkovsky  and  D.  V.  Vassilevich,  Int.  J.  Mod.  Phys.:  Conf.  Ser.  14,  88  (2012).  2010-1945
10.1142/S2010194512007258
[53] R. Zeng, L. Chen, W. Nie, M. Bi, Y. Yang, and S. Zhu, Phys. Lett. A 380, 2861 (2016). PYLAAG 0375-9601
10.1016/j.physleta.2016.06.002
[54] V. N. Marachevsky and Y. M. Pis'mak, Phys. Rev. D 81, 065005 (2010). 10.1103/PhysRevD.81.065005
[55] A.  Mart ín-Ruiz  and  L.  F .  Urrut ia ,  Phys.  Rev.  A  97,  022502  (2018).  PLRAAN  1050-2947
10.1103/PhysRevA.97.022502
